In this study, the multivariate tools, namely principal component analysis (PCA) and cluster analysis, were used to classify and measure the pattern of genetic diversity and evaluate the correlation of nine oil palm traits in 25 progenies. Fresh fruit bunch weight (FFB), kernel to fruit (K/F) and kernel to bunch (K/B) ratios showed significant variance, while bunch number (BN), kernel yield (KY) and oil yield (OY) showed little variance. Positive significant correlation between these traits and yield was appreciated through PCA, where 90.55% of the variation was explained by the first three principal components. Progeny grouping was performed and revealed three clusters of oil palm progenies. Cluster I contained progenies with high production of FFB, BN, OY and KY, while low height increment (HI) of palm trees was found in cluster II. However, most of progenies with high mean values of bunch spikelet weight (SpW), average fruit weight (AFW), K/F and K/B were grouped in cluster III. This grouping could help oil palm breeders to identify progenies with the traits of interest for breeding and commercial seed production.
Introduction


Oil palm (Elaeis guineensis Jacq.) is a major crop that ranks first in the world market as a product of vegetable fats and oils. An estimated 74% of global palm oil usage is for food products and 24% is for industrial purposes [1] . A mastery of the genetic diversity and structure of oil palm is particularly important for the conservation of genetic resources, identification of oil palm populations, exploration of plant genetic resources and development of future breeding programs. Significant progress in crop improvement could be achieved by exploitation of relationships between characters in a genetically diverse population [2] . In the oil palm, analysis of yield components and their relative contributions towards yield will give a better chance of selecting high yielding progeny [3, 4] . Several works have previously estimated the genetic variation of the different oil yield components of oil palm [5] [6] [7] . There is a high genetic variability among the oil palm progenies, indicating ample scope for further breeding and selection [8] .
Principal component analysis (PCA) used in this study is a descriptive procedure for analyzing relationships that may exist in a set of quantitative variables. Genetic diversity could be estimated with such quantitative traits using multivariate analysis tools, like PCA and a tree diagram hierarchical clustering technology analysis [9] . These taxonomic relationships analysis tools were chosen as efficient approaches to perform genetic diversity of quantitative agronomical characters of the new oil palm progenies test population. The objective of this study was to Genetic Diversity and Interrelationship among Some Dura × Tenera Oil Palm (Elaeis guineensis Jacq.) Genotypes in Cameroon 82 evaluate the magnitude of genetic diversity within the introgressed Dura × Tenera (D × T) oil palm progenies of the third selection cycle of the Specialized Centre for Oil Palm Research (CEREPAH) of Cameroon, using multivariate and clustering tools and to determine correlation among the studied important agronomic traits under Cameroonian climatic conditions.
Materials and Methods
In this study, 25 Dura × Tenera progenies (Table 1 ) of the third selection cycle of oil palm breeding program were evaluated in the experimental field of CEREPAH, Cameroon (3°46′-4°01′ N latitude and 9°44′-10°04′ E longitude) from 2004 to 2014. A total of 2,730.49 mm of annual mean rainfall and 27.36 °C of annual mean temperature were recorded during this study. The progeny test experiment was conducted in a randomized complete block design with three replications. The palms were laid down in a triangular planting system at 9 m apart with 12 palm plants per progeny. The oil palm field agronomic protocol steps were applied to achieve healthy plants. The collection of data was focused on nine oil palm agronomical traits, namely, fresh fruit bunch weight (FFB), bunch number (BN), spikelet weight (SpW), average fruit weight (AFW), kernel to fruit ratio (K/F), kernel to bunch ratio (K/B), oil yield (OY) and kernel yield (KY), following the method implemented by Mandal and Kochu [10] ; while the vegetative trait, namely, palm height increment (HI) of trees, was determined in cm per year [11] , following Eq. (1): LM22478  LM5100D × LM11096T  DA2356  LM9838  DA115D × LM269D  LM2T × WI10T   LM21761  LM11087T × LM2749D  LM9175  DA787  LM5T × WI15T  DA10D × DA 3D   LM22099  LM11087T × LM7409D  LM9175  LM7899  LM5T × WI15T  LM3257D AF   LM22001 LM11088T 
where, t is the age of the palm. The recorded data for statistical analysis of all parameters were mean values. Determination of the level of interrelationship between traits was done with Pearson's correlation coefficients [12] . Cluster analysis was performed to determine genetic distance between progenies and cluster diagram was constructed following grower's method to study the dissimilarities among progenies with the help of R program statistic tool version 3.0.3. Scatter plots were visualized based on the principal components (PCs) to illustrate the variability patterns in the studied oil palm progeny test population.
Results and Discussion
An important prerequisite for breeding programs in crop improvement is the estimation of genetic variability. The co-association of economical traits can be evaluated on the basis of the presence of genetic variability among the traits. By this approach, very high variability was observed among the studied traits in the present study. The described basic features of statistical analysis showed a wide diversity of the nine studied traits in the 25 oil palm progenies of the test population. Traits, such as FFB (kg), K/F (%) and K/B (%) showed wide range of high variance values. On the other hand, OY (tons), AFW (g), BN, SpW (kg) and KY (tons) showed little variant values ( Table 2) .
Exploitation of variability for selection of these traits in the studied population could yield good response. Other studies found significant variability and diversity among Dura × Pisifera progeny populations [7, 8, 13] . Okwuagwu et al. [3] also reported significant variability and diversity in Dura × Tenera oil palm population for FFB trait. It has also been reported by Talebi et al. [14] that in quantitative study, agronomic features with high variance and significant variability can be used in breeding programs for genetic improvement of varieties. OY, AFW, BN, SpW and KY showed little variance in the present study. Little variance values were also reported by Malik et al. [15] in their genetic diversity analysis of morpho-genetic traits in Desi chickpea (Cicer arietinum).
In this study, the correlation coefficients between the nine studied traits of 25 oil palm progenies (Table 3) were estimated. OY showed positive and high significant association with FFB (P < 0.001; r = 0.97), BN (P < 0.001; r = 0.85) and KY (P < 0.001; r = 0.55). The result showed that OY trait is thus an expression of multi-association trait components resulting from action of various other oil palm traits. There was also high strong positive association between KY and FFB (P < 0.001; r = 0.66), BN (P < 0.001; r = 0.71), KF (P < 0.001; r = 0.88) and KB (P < 0.001; r = 0.91). KY was also significantly correlated with AFW (P < 0.05; r = 0.49). Moreover, KB showed strong positive association (P < 0.001) with AFW, KF and positive significant correlation (P < 0.05) with BN. KF and BN also showed positive significant association with AFW and FFB, respectively. These results could be exploited to improve yields by indirect selection for these traits. The characters that showed positive significant correlation can be exploited to achieve high yield Tenera hybrid of oil palm elites for seed production in Cameroon. PCA is a multivariate tool analysis, which helps to obtain at the same time component groups with more important traits. This approach was widely implemented by several other plant scientists for specific breeding [16] [17] [18] [19] [20] . In this study, PCA revealed that the first three principal components (PC) with eigenvalue greater than 1, accounted for 90.55% variation within the 25 progenies ( Table 4 ). The first principal component (PC1) related to the following progenies: LM21674, LM22130, LM21709, LM21925, LM21728, LM21790, LM21661, as determined with 46.32% of variation, while eight characters gave positive values apart from SpW, which produced negative value. KY, BN, FFB, KB, KF and OY per progeny were the main traits that respectively contributed more to the variation among the studied oil palm progenies. PC2 explained 31.68% of all the accumulated variation, in which AFW, KF and KB were the main contributing traits in this component.
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HI and SpW were the major traits in PC3. Based on the first two principal components of the biplot graph, the studied individual genetic differences were observed between Dura × Tenera progenies and can be visualized on the scatter plot (Fig. 1 ). An important genetic diversity was revealed by the high progeny dissemination in all the four compartments of the biplot graphic display. The progenies closest to each other in this biplot graph presented less or no differences in the expression of the phenotypic specific studied traits (Fig. 1) . However, progenies occurring far from the origin illustrated more variability in the expression of traits. Thus, the parent crosses of these progenies can be effectively used for the hybrid breeding program, with the evidence to also improve the oil palm germplasm genetic potential. Cluster analysis used in this study further helped to group or show dissimilarity relationships among progenies depending on morpho-genetic traits. Cluster diagram based on Euclidean dissimilarity constructed by gower's method, grouped the 25 oil palm progenies into three clusters at 0.35 dissimilarity value level (Fig. 2) . Table 5 shows the range, means and standard errors of the nine studied oil palm variables in the three clusters of the 25 oil palm progenies. The similarity matrix is presented in Table 6 . Cluster I contained seven progenies, which were characterized by high production of FFB and BN per progeny, OY and KY per hectare. Cluster II comprised of 16 progenies, classified by low HI per year, moderate production of FFB and BN, progeny with moderate SpW, AFW, KF and KB, medium OY and KY per hectare. Cluster III contained two progenies, which were characterized by moderate HI and KY, low OY, FFB and BN, high mean values for SpW, AFW, KF and KB. Such hierarchical grouping of individuals is useful to oil palm breeders for the selection of progenies with traits of interest needed in the production of superior hybrid commercial varieties. Oil palm crosses can be selected from the displayed clusters.
Cluster analysis, which supported the results of correlation analysis, both indicated that OY per hectare, FFB, BN, KY, KF and KB may be improved simultaneously and put together in a single progeny for yield improvement. This was obvious from the fact that these components are positively associated with yield and with themselves. Furthermore, progenies with high mean values for these characters and those with high OY and KY were grouped in same cluster. Camillo et al. [21] reported evidence of correlation between oil palm seed trait components in their oil palm clustering study of Brazilian germplasm bank.
Conclusions
Through the characterization of the oil palm population of introgressed progenies in this study, some interesting crosses with specific traits were identified. The studied oil palm population was found to exhibit wide genetic diversity for most of the expressed oil palm characters. To improve overall yield, the following traits must be considered: FFB, BN, KF, KB and KY. There was a positive significant correlation between these traits and yield as confirmed Tenera varieties with the introgessed traits of interest that will be distributed to oil palm farmers.
